Introduction
The chronic fatigue syndrome has been defined as fatigue that is medically unexplained, has lasted at least six months, and is associated with impaired physical and mental functioning.' One of the commonest symptoms of the syndrome is subjective impairment of sleep.2 That this might be important in the syndrome's aetiology is suggested by the finding that experimental manipulation of sleep leads to increased fatigue. 3 There have not, however, been any controlled studies of sleep patterns in patients with the chronic fatigue syndrome.
Many patients with the chronic fatigue syndrome also meet the criteria for major depressive disorder. 4 About 60-70% of outpatients with major depressive disorder have a specific sleep abnormality of a shortened interval from the start of sleep to rapid eye movement sleep.5 It is therefore important to study the sleep of patients with the chronic fatigue syndrome who do not also have major depressive disorder. We have conducted a case-control study of such patients, using both subjective and objective measures of sleep.
Subjects and methods
We recruited the first 12 patients from the infectious disease outpatient clinic of a teaching hospital who met the following criteria: the patient's principal complaint was of subjective fatigue; the fatigue had been present at least half of the time for at least six months; fatigue was not a lifelong complaint; physical and mental functioning were both affected, with at least two types of activity (out of housework, recreation, social activity, occupation or studies, and independent living) being substantially impaired; the examining physician could find no evidence of physical disease; and, on a standardised psychiatric examination,6 the patient did not meet criteria for major depressive disorder.7 Thus the patients were not selected because of reported problems with sleeping. The patients were individually matched for age (within five years), sex, and weight (within 10 kg) with healthy controls recruited from hospital staff.
Exclusion criteria for both patients and controls were the use of psychotropic drugs in the preceding three months, intake of more than six units of alcohol four times a week in the preceding three months, and a body mass index (weight (kg)/(height (m))') of < 18 or > 25. All subjects gave their informed consent to participate in the study, which was approved by the local psychiatric ethics committee.
Subjective assessment of sleep-The subjects kept a 24 hour diary of their sleep covering nine nights, including the two nights that polysomnograms were recorded. They recorded when they switched off their lights to go to sleep; the estimated time when they fell asleep; how often they woke in the night; the time of final awakening; the total time spent in bed; the quality of sleep (rated on a 10 cm visual analogue scale from BMJ VOLUME306worst ever (0) to best ever (100)); and how they felt in the morning in terms of mood, sleepiness, pain, weakness, and stiffness. They also recorded whether they had been disturbed by the recording equipment on the two nights of recording (rated on a five point scale of severity from not at all (0) to extremely (4)).
Objective assessment of sleep-Sleep montage electrodes were attached to the subjects and checked in the laboratory. The subjects then returned home to sleep in their own beds. Sleep records were obtained with a cassette recording system (Medilog 9000-11, Oxford Medical). The depression scale." We examined the patients with the chronic fatigue syndrome for psychiatric disorders with the structured clinical interivew for Diagnostic and Statistical Manual of Mental Disorders Third Edition, Revised. 6 We assessed the subjects' functional impairment with four subscales (physical, role, social functioning, and pain) of the short form general health survey of the medical outcome study.'2 We recorded the score on each subscale as a percentage of the maximum and used the mean of the four scores as a measure of functional impairment. We also took a history of complaints of pain and fatigue and performed a physical examination to elicit tender points, looking at criteria diagnostic of fibromyalgia.'3 Statistical analysis-We combined the data recorded in each subject's diary for the nine days of the study to get a mean daily score. We combined the two nights' polysomnographic data to get average scores because our method of recording at home does not require a night for adaptation,'4 and initial analysis of our data showed that there was no significant difference between the data for the first and second nights for each of the groups. We compared cases and controls by means of the paired t test for normally distributed variables and the Wilcoxon matched pairs rank sum test for other variables. The time spent awake recorded in the controls' polysomnograms had a log normal distribution, and we therefore constructed a reference range for the log data to determine which subjects had a sleep disorder (difficulty maintaining sleep). We examined the relation between polysomnographic data and other variables with Spearman rank correlations. We analysed the data with the SPSS program, apart from the confidence intervals, which we calculated manually.'5
Results
Each group consisted of 10 women and two men. The patients had shown symptoms of fatigue for a median of 44-5 (range 17-100) months. The groups were similar in age (mean 36 1 (SD 8 7) years for patients and 35 1 (8 3) years for controls) and weight (61-9 (4 2) kg for patients and 60-1 (5 3) kg for controls). One of the patients met research criteria for fibromyalgia."3 Table I shows the functional disability and psychiatric scores for the two groups. Six of the patients had a history of major depressive disorder. None of the controls had or had had a psychiatric disorder.
Compared with the controls, the patients reported spending significantly longer in bed at night, taking longer to fall asleep, and being awake more often during the night (table II). They also reported that they felt less refreshed on waking, lower in mood, and more sleepy; had more aches; and felt weaker and stiffer than the controls (all comparisons p < 0 0 1, data not shown). There were no significant differences between the patients and controls in the accuracy of their estimations of sleeping times. The recording of polysomnograms made no differences to the subjects' reports of their sleep patterns, and the CFS patients did not report being more disturbed by the recording equipment than the controls (data not shown)
The polysomnograms showed that the patients slept significantly less efficiently (total time asleep as a percentage of the period from the start of sleep to final waking) than the controls (p < 0-05) and were awake for significantly longer after the start of sleep (p <0 05) ( Seven of the patients met the criteria for a sleep disorder compared with none of the controls (Fisher's exact test, p=0 003). For five of these patients the disorder was an inability to maintain sleep. Examination of individual data showed that these five patients were responsible for the difference between the patients and controls in the median time spent awake after the start of sleep (figure). The remaining seven patients were similar to the controls in the time spent awake during the night. Two patients had difficulty getting to sleep, with sleep latencies of 71-3 and 83 5 minutes, and one had hypersomnia, sleeping for 103 minutes longer than the mean for the control group. One patient had difficulty in both initiating and maintaining sleep. Two patients (one of whom met clinical criteria for fibromyalgia) and two controls exhibited ot non-rapid eye movement sleep abnormality.
The seven patients with sleep disorders showed significantly more functional impairment (general health survey score of 50A4% (range 42-5-71-3%)) than the five other patients (general health survey score 70/4% (49-1-78-3%)) (Wilcoxon signed rank test, T= 29, p<0 50). Among the patients there was no significant correlation between psychiatric scores and any of the variables measured by polysomnography or between a history of major depression and any sleep abnormality.
Discussion
Although we studied only a small number of patients, they all met accepted criteria for the chronic fatigue syndrome, they were recruited from a single outpatient clinic, and their selection was not based on reported problems with sleeping. We therefore believe that they are likely to be representative of patients with the chronic fatigue syndrome who are referred to hospital. Their reports of their sleep correlated well with their electroencephalograms, indicating the validity of subjective reports of sleep by patients with this disorder.
Our findings suggest an association between sleep disorder and the chronic fatigue syndrome. Seven of the 12 subjects with the syndrome had a sleep disorder, five having difficulty maintaining sleep. Previous studies of sleep in patients with the syndrome either have not reported the start of sleep or its continuity (W B Mendelson et al. Milano International Symposium on sleep, hormones and immunological system. Milan, Italy)'6 or were uncontrolled. '7 Moldofsky reported that patients with postviral fatigue (similar to chronic fatigue syndrome) were awake more than twice as long as controls and took more than twice as long to fall asleep.'8 The sample, however, was small and the findings were difficult to interpret because both the patients and the controls slept poorly in the sleep laboratory. The ot non-rapid eye movement sleep abnormality described in patients with fibromyalgia9 has also been reported in patients with postviral fatigue.'8 We were unable to replicate this finding, although the one patient in our study who met criteria for fibromyalgia also had the ot non-rapid eye movement sleep abnormality.
We did not find the shortened rapid eye movement latency characteristic of major depressive disorder' in the patients with the chronic fatigue syndrome. This is not surprising as we had excluded patients with diagnosable major depressive disorder, but our results are not consistent with the suggestion that the chronic fatigue syndrome is biologically identical with major depressive disorder but with a masking of the depressive symptoms in cases in which they are not clinically apparent. 4 In keeping with most reported case series of patients with the syndrome,'9 half of our patients reported a previous episode of major depressive disorder. We found no association, however, between a history of major depression and time spent in slow wave sleep, time spent awake after falling asleep, or the presence of a sleep disorder. None of the patients with a history of major depressive disorder and a current sleep disorder had decreased slow wave sleep (the abnormality thought to persist after major depressive disorder20) compared with the controls. Thus, although a history of major depressive disorder may explain sleep problems in some patients with the chronic fatigue syndrome, our findings do not support this suggestion.
Non-specific sleep abnormalities have been reported in patients suffering from minor emotional disorders such as anxiety2' or dysthymia.22 Although our patients had significantly more symptoms of anxiety and depression than the controls, there was no apparent relation between anxiety or depression and the presence of sleep abnormalities. To clarify this, future studies of the role of sleep in the chronic fatigue syndrome will need to control for not only major depressive disorder but also previous major depression and current level of emotional distress.
We suggest that sleep disorders may be important in the aetiology of the chronic fatigue syndrome, particularly since those patients with sleep disorder in our study tended to be the most functionally disabled. test for trend were used to calculate differences between men and women in the distributions of these characteristics.
We then calculated male to female odds ratios, using multiple logistic regression models to control for the potential confounders described above, with age entered as a continuous variable; 95% confidence intervals for each of these strata were also calculated.
